THIS is a subject upon which, with one exception, I have nothing new to sav on the question of actiology. It is quite certain, I think, that some factor causes weakening of the epiphysial junction. The slip may then be initiated by slight trauma or even by muscle action onlv and, once begun, is increased by weight-bearing and the fact that many of these patients are overweight. Trauma can never displace the normal upper femoral epiphysis. If it is severe enough it will fracture the neck of the femur leaving the epiphysis undisturbed, and this was demonstrated experimentally bv Ollerenshaw and Wood-Jones (1938). The weakening factor is probablv a metabolic one since about 70 % of these children are either exceptionally tall or overweight and at least 500/, show definite evidence of endocrine (probably pituitary) deficiency. The fact that the condition is frequently bilateral and that other epiphyses are occasionally affected, favours an endocrine cause, but there are still the 30%, of apparently normal patients with slipped epiphyses to be accounted for.
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The exception I mention is i suggestion which comes from Dr. f\I. Beckett Howorth of New York (1941) in an article reviewing the results of treatment of 62 cases of slipped epiphysis, adding these to a previous review of 70 cases published in collaboration with Dr. A. B. Ferguson (1931) . Dr. Howorth has made a detailed analysis of this large number of cases and I shall have occasion to refer to some of his results later. He thinks that the primary condition is a svnovitis of the hip occurring during the periol of rapid growth, that is between the ages of 9 and 18, and that this lesion causes circulatorv changes in and near the epiphvsial disc resultilng in decalcification and softening. The actual slipping is merely the natural result of weightbearing or of slight injury to the softened epiphysial junction. He bases this theory on the observations that the early symptoms and signs are those of synovitis and that the capsule can be seen to be swollen in radiographs and in cases where it is opened at operation. The blood sedimentation rate is usuallv elevated and early radiographs show very constantly juxta-epiphysial decalcification. Gross and microscopic examination of the synovial membrane shows a simple synovitis and ctultures have been consistently negative. Howorth thinks the whole picture suggests infectid,n, and explains the negative cultures by technical inability to isolate the organism or virus concerned or to failure to take the culture early enough.
FEB.-ORTH. 1 Proceed'ings of the Royal Society of Medictne I can confirm these observations from mv own cases, i.e. the swelling of the synovial membrane seeni at c,peration, the histological finding of a simple synovitis, the elevation of the blood sedimentation rate in earlv cases and the constant appearance of juxtaepiphvsial decalcification in radiographs. We are all familiar wvith cases of transient synovitis of the hip in much youinger children and Howorth's suggestion is an interesting one and Would accouint for the cases with no sign of endocrine disturbance. I should, however, expect an infective svnovitis of the hip to produce more muscle spasm than is LsLially present in early cases of slipped epiphysis, and the decalcification to be more general. Also if an inflammatory actiology is to be accepted to the exclusion of an endocrine one it is perhaps a less likely though not impossible explanation of the bilateral cases. Except perhaps for the raised sedimentation rate and Howorth's statement that he has observed these changes in hips operated on before there was any demonstrable epiphvsial slipping, these findings might be due to traumatic svnovitis and secondary to the epiphvsial slipping rather than the primarv cause of it.
Osteo-arthritis in later life. It is a matter of common knowledge that. osteo-arthritis of the affected h'ip-joint is an all too frequent sequel of uncorrected or partially corrected epiphysial displacement though it mav not manifest itself for several decades.
If it be conceded that this tvpe cf arthritis is due chieflv, if not entirelv, to mechanical irritation cauised bv the misfit of the deformed femoral head and neck it is obvious that prevention or correction of such deformitv as completely as possible should be regarded as a primary object of treatment in the early stages. The cases can be sharply divided into twc main groups, between which is a great gulf fixed, since treatment in the one is so mutch more satisfactory than in the other: I. Early cases with minimal epiphvsial displaccment. II. Cases with severe or complete displacement of the epiphvsis.
The latter mav be further subdivided into (a) acute cases with a short history usually including sl'ight injury and symptoms and signs severe enough to suggest a fracture of the neck of the femuLr, and (b) those with a long quiet history of gradluallv increasing pain and deformity. GROUP I. Early cat-ses with mninlinal epiphysial displacemie:it. This is the most important group because it is the onlv one 'in which treatm2nt can be said to be completely satisfactory. Since inclusion in it depends on one thing onlv-early diagnosis -I should like at this point to stress the paramount importance of diagnosing cases of slipped femoral epiphvsis at the earliest possible moment. Those of uis who are concerned with the teaching of students or with the post-graduate instruction of general practitioners should take every opportunity of impressing upon them the extreme importance of suspecting this condition in any adolescent of either sex, between the ages of 9 and 18, who is complaining of limping or of pain in the hip or knee. Much emphasis should also be laid on the urgency of admitting these cases to hospital forthwith, or, if this is impossible, of confining them strictly to bed at home pending admission. Once the diagnosis is made, or even suspected but not confirmed by radiograph, all weight-bearing should be forbidden absolutelv, since, if continued, there is a grave risk that at any moment the case may pass from the favourable first group to the less favourable second group.
Diagniosis. Diagnosis in the really early case which is so favourable for treatment may not be at all obvious clinically. Suspicion should be aroused by a history of intermittent limp in an adolescent especiallv if accompanied by transient pain in hip or knee. Not infrequently pain in the knee is the only complaint but, if unaccompanied by physical signs in that joint, it should be realized that this is referred pain and attention concentrated upon the hip. Mu-scle spasm mav be absent, but there is usually some limitation of internal rotation of the hip and occasionally of abduction and flexion with pain and spasm at the limits of these movements. There will be no pyrexia but the blood sedimentation rate, if estimated, will usually be moderately raised. Diagnosis rests finally on the radiographs and the technique of taking these is most important. Both hips should always be radiographed in such a way that they are shown in exactly comparable positions in both A.P. and lateral views on the same film. This is straightforward as regards the A.P. view, the patient lying with the lower limbs extended at hip and knee, parallel to each other and with the patellae pointing straight upward unless there is fixed external rotation of the affected hip. The lateral view is obtained by flexing both hips and knees to exactly the same angle and allowing the hips to fall outwards into as much abduction as they will comfortably take and some external J tSectton of Orthopedics 203 rotation. The tube is placed centrally above the pelvis. This results in an excellent and strictly ccmparable lateral view of each hip-joint.
The importance of always having radiographs taken J both hips, even though the symptoms are unilateral, lies not only in getting a normal hip for comparison but in the chance of detecting the presence of an unsuspected early slip on the other side, since the condition is often bilateral. The early slight displacement is nearly always backwvards rather than downwards, and so may be undetectable in the A.P. view but quite cbvious in the lateral. In the A.P. view, however, there is verv constantlv seen a well-marked zone of decalcification in the juxta-epiphysial portion of the metaphvsis.
Treatmnenit. Dr. Philip Wilson of New York published a report of 9 cases of early slipping of the upper femoral epiphysis treated by the insertion of a Smith-Peterscn tri-rlanged pin across the epiphysial line into the epiphysis, without anv preliminary manipulation or attempt at correction of deformity. His criterion of the degree of displacement which could be safely accepted as compatible with normal subsequent function, except for a possible slight limitation of internal rotation, was that clinically there should be free abduction and not more than 10 degrees of fixed external rotation, that the A.P. radiograph should show the upper border of the epiphysis well above the surface of the neck, and that, in the lateral view, the epiphysis should not be displaced posteriorly more than one-third of the diameter of the neck.
After pinning, these patients were kept in bed without splintage or restraint for an average of two weeks and then allowed up on crutclhes with some raising of the shoe on the sound side. Weight-bearing was allowed in about two months' time. The Smith-Petersen pin was removed at the end of nine to twelve months after insertion, at which time there was radiographic evidence of fusion of the epiphysis in all cases.
The functional results were cxcellent in every case, the only abnormality being a varying degree of restriction of internal rotation of the affected hip. The maximum shortening was 1 in. in one case in which there was no shortening before operation. There was l/2 in. shortening in one other case which had no pre-operative shortening. This absence of material shortening in spite of the early fusion of the epiphvsis requires some explanation. The age of closure of this epiphysis has usuallv been given in the standard textbooks of anatomy as 18 years but Wilson quotes the researches of Cohn k1924), based on radiographic studies, in fixing it at 15 years. Onlv 17%Y. of the total growth it length of the lower limbs normally takes place at the upper femoral epiphysis, and Wilson suggests that most of this takes place early, and that there is probably very little growth after the age of 12 years till final closure at 15 vears. He has also observed that there is usually premature closing of the epiphysis on the opposite side even if there has been no evidence of slipping. These two reasons would account for the absence of any marked inequality in growth in the children aged 12 and over who form the majoritv of the cases. One might anticipate rather more shortening in the relatively small age-group under 12.
Wilson states that he has made a thorough trial of weight-bearing calipers and ambulatory plasters and rejected them as inefficient and dangerous, since he has seen complete displacement of the epiphysis occur in patients who were being treated by these methods. There are obvious objections to long-continued traction or plaster immobilization in recumbency, if thev can be avoided. At the same time it should be understood that these older methods can produce a perfectly good functional result, only they will have to be continued till there is radiographic evidence of fusion of the epiphysis, which may take as long as twelve months. During this period the patient is subjected to more discomfort and interference with normal activity, and is less efficiently protected against further slipping, than when pin fixation is used.
Hr worth reports results classified as excellent or good in 39 out of 40 early cases, but used bone slivers passed through drill holes from the neck across the epiphysial line. He did not use the Smith-Petersen pin because he did not think it hastened fusion of the epiphysis, buLt that this is not correct is shown by Wilson's cases and my own in all of which there was radiographic evidence of fusion in six months or less. The pin is simpler to use than bone grafts, gives greater security of fixation, and does not require arthrotomy cf the hip. I have only been fortunate enough to get five cases in which the diagnosis was made early enough to conform to Wilson's standard. All these cases were pinned without previous manipulation or traction. The tcchnique is exactlv the !'amr as for Dinning the fractured femoral neck and presents no special difficulty to anyone with experience CD ,-* 1-1-.1 of the latter and working with proper facilities especially as regards the niecessary radiographic checking during the operation. The aftei7-care consisted of two weeks free in bed, followed by discharge from hospital and two months on crutches with anl inch of raising of the shoe on the unaffected side. After this full weight-bearing activity was allowed and the pins were remcved at the end of a year or so at wvhich time the epiphysis was fused in every case. The follow-up period has ranged from one year to seven years with an avc rage of four years. The results have been excellent in every case and compatible with full ncrmal activity. There was x4 in. shortening in one case only and slight limitation of internal rotation in 3 cases.
I am definitely in agreement with Wilson that, given good facilities and a surgeon of some experience in the technique of pinning, this is the method of choice in treating the early case of slipped epiphysis. Under those conditions it is safe, certain and associated with a minimum of hospitalization, discomfort and inconvenience to the patient. The only theoretical objection, the desirability of a second operation to remove the pin, has not proved to be one in practice. There has been no difficulty in getting consent and a fortnight in hospital is tisually all that is needed. slight limitationi of abduction and definite limitation of internal rotation of the left hip. Radiographs showed little deformity in the A.P. view hut a characteristic juxta-epiphysial decalcification, and the lateral view showed the epiphysis displaced posteriorly, but not more than one-third the diameter of the neck. It was decidfed to accept this position and the epiphysis was pinned without any attempt at correction. The patient was discharged fom hospital on crutches on the sixteen-th post-operative day and the crutches were discarded and weight-bearing allowed two months later. She now works at a job which involves standing all day and engrages in every form of athletic activity she wishes without any discomfort. She has a fLtIll range of mcivement of the affected hip in every direction, and ¼ in. shortening only.
GRoup II. Cases with severe or comiplete displacement of the epiphysis.-In these cases there is usually, on close questioning, a fairly long history of occasional limping and pain in hip or knee scmetimes not severe enough to make the patient consult a ,doctor at all or, if a doctor is seen, there is insufficiently thorough investigatio-n to make a diagnosis. Subsequentlv one of two things may happen. Either pain and/or deformity graduallv increase until the patient is forced to seek advice and the diagnosis is obvious, or, usually as the result of trauma, pain becomes suddenly very severe, deformity, especially external rotation, marked and the patient is completely disabled and presents the clinical picture of a fracture of the neck of the femur. Radiographs in either group confirm the diagnosis of severe downward and backward displacement of the upper femoral epiphysis. I should like to discuss the treatment of what may be termed the acute case first.
Such cases should be regarded as urgent emergencies and admitted to hospital forthwith, since every hour of delay makes a successful result less probable. The object of treatment is to replace the slipped epiphysis as completely as possible, and if this is successful to fix it with a Smith-Petersen pin. Two closed methods are available for the reduction of the deformity: (1) gentle manipulation; (2) strong continued traction on the limb. Neither of these methods, especially traction, is likely to succeed unless applied within a week, though there are frequent exceptions to this.
Manipuilative redtuction.-If manipulation is to be followed by immediate pinning, as it should be if successful, the patient is prepared for operation and placed on an orthopaedic table with the usual radiographic set-up of 2 portable tubes in position for taking A.P. and lateral radiographs. I usually adopt the Leadbetter (1933) type of manipulation, which gives good results in reducing fractures of the neck of the femur, and, if the slip has been a recent one, reduction often takes place surprisingly easilv and completely with slight crepitus. The reduction is checked radiographically and, if sufficiently good, the limb is fixed in abduction and internal rotation and pinning carried out. If manipulation fails it is useless and harmful to make repeated attempts and no force must be used. Advantage may be taken of the anaesthetic and the prepared state of the patient to insert a Steinmann pin through the lower third of the femur in preparation for the alternative method of strong continuLed traction.
In both these groups and in those next to be mentioned involving arthrotomy of the hip-joint the after-care is somewhat different to the routine already described for the early cases. The patients are kept longer in bed, usually at least a month, often with a light weight and pulley traction fcr the first two weeks or so,. Walking on crutches without weight-bearing is continued for at least three months and sometimes for as long as six months, depending on the radiographic appearances.
Howorth reported only three partial successes out of 21 cases of manipulative reduction. These cases, however, wore not pinned but immobilized in plaster following reduction, and most of them had some permanent limitation of movement. He felt that better results would have been obtained by resting these patients in bed till the condition was quiescent, and then doing sub-trochanteric osteotomv. He advised manipulation in very recent cases only and thought immediate pinning would be preferable to plaster fixation.
In classifying my own cases throughout I use the term "excellent" for natients who are quite symptom free and have either no limitation of hip movement or a few degrees of limitation of internal rotation only. Radiography shows no deformity or evidence of arthritis. Cases marked "good" are leading lives of normal activitv with no pain, or onlv an occasional ache with weather changes, but have definite limitation of internal rotation and possibly also of flexion and abduction. Radiography may show some deformitv of head or neck, but no arthritic changes. Results classified as "bad" have pain and/or gross limitation ef all hip movement and possibly some fixed deformitv.
Radiography shows evidence of avascular necrosis or of arthritis.
Eight cases have been treated by manipulative reduction. Three of them were subsequently immobilized in plaster, and in the other five the reduced epiphvsis was pinned. In the former group the follow-up perioid ranges from eight to fourteen years with an average of ten vears. Results: Excellent l; bad 2. One of these suibsequentlv needed arthroplasty of the hip.
The follow-up neriod of the pinned cases extends from one to seven years averaging five years. Results: Excellent 2; good 2; bad 1.
Total cases 8. Excellent 3: good 2; bad 3 (37%).
The one bad result out of the five pinned cases wvas the most recent. 6 CASE II. J. W. This child, aged 11, was seen in July 1944 with a tvpical history of three months' occasional pain and limp and one week's severe pain and inability to walk following a fall. There was an external rotational deformitv of 60 degrees, limitation of movement in every direction by muscle spasm, and the blood sedimentation rate was raised to 14 mm. in the hour. The radiograph shows almost complete downward and backward displacement of the epiphvsis. Although nine davs had elapsed since the presumed time of slipping, reduction was quite easily accomplished by the Leadbetter method wvithout any force at all, and the check radiograph showed this to be complete in both planes. The reduced epiphvsis was pinned, the patient was discharged from hospital three wveeks later on crutches, and weight-bearing was not allowed for four and a half months. Now, just over a vear since reduction, pain, limp and limitation of movement in everv direction have recurred and radiographs show failure of epiphvsial fusion, partial extrusion of the pin and recurrence of deformitv, and changes in the femoral head suggestive of earlv avascUlar necrosis. This was a disappointing result but shows that there is alwavs a risk of ischaemic changes following closed manipulation at the epiphysial line.
Watson-Jones (1944) attributes these ischemic changes to over-stretching of the ligamentuLm teres, already stretched bv the backward displacement, causing damage and thrombosis to its vessels, which may be in these cases the chief blood supply left to the epiphysis.
If this is so, as may well be the case, the fair proportion of good results would be those in which, more bv luick than by skill, the ligament escapes damage during manipulation.
As one cannot control this result of manipulation and the percentage of cases ending in avascular necrosis is as high as 250, -to 30?,o) the method should, I think, be abandoned.
Avascular necrosis is a complication not to be regarded lightlv, since it may lead to fibrous ankvlosis of the hip or to mutch limitiation of the range cf movement and earlv onset of arthritis. Reduictioni by strong traction.--Skeletal traction by a Steinmann pin through the lower third of the femur is preferred, and the patient may be placed on a frame or the affected limb suspended in a Tho-mas' splint. There is nothing to be gained by abduc,ting the limh. Weights up to 20 lb. may be used but this strength of traction should not be maintained longer than fourteen days at the outside, as there is some risk of interference with blood supply from the continuous tension of the capsule. If reduction is going to take place it will usually do so within that period. The tendency in this method is to get correction of the downward but not of the backward displace'ment owing to failure of the epiphysis to rotate. Should it prcve SuIccessful enough to give an acceptable position the weights are reduced to 10 lb. or less so as to maintain correction and the reduced epiphysis fixed by a Smith-Petersen pin at the earliest opportunity. Howorth found that this method corrected downward displacement but not backward rotation in most cases. The majority had radiographic changes in the head subsequently suggestive of avascular necrosis and eventual movement was good in one hip only, fair in one and poor in the others. He thinks these poor results were probablv due to injury to the capsule and the circulation by the traction and the tension in plaster. I think this is too gloomy a picture of reduction bv traction which is the safest method though not always fully effective tinless applied earlv. Howorth's cases were not pinned and he thinks the results would have been better if immediate pinning had followed reduction. Two of my cases out of a number in which this method was tried got a satisfactory reduction in both planes and were pinned. The result in each case was excellent. The cases in which traction failed to reduce were dealt with by other methods but one case, in which strong traction was continued for too long. got a bad result with much restriction of hip movement and changes in the radiograph typical of avascular necrosis.
The following case was bilateral and illustrates well some of the points I made earlier with regard to diagnosis and the necessity of insisting on immediate cessationi of weightbearing. CASE III.-MA. C. This girl, aged 13, was first seen in another department on 3.11.42 with a history of left-sided limp for about two months and of pain in the left hip for the past three days. Radiographs were ordered but not examined at the time and consisted of an A.P. view of the hips only. The patient was instructed to attend for re-examination in a week's tim2, but weight-bearing was not forbidden. A week later, hen I was asked to see her, there was a fixed. external rotational deformity of the left hip, movement was painful and restricted in every direction by muscle spasm, and subsequent radiographs of both hips in both planes showed not only a nearly complete downward and backward displacement of the left up-per femoral epiphysis, but an early backward sip of the right upper femoral epiphysis. There had been no symptoms on the right side and no physical signs on examlination. There is no doubt that the major displacement of the left epiphysis took place during the week between the two examinations, and could have been prevented if weight-bearing had been forbidden. The patient was admitted to hospital forthwith and it was decided to accept the position of the right epiphysis and this was pinned without any manipulation. Under the same anaesthetic a Steinmann pin was drilled through the lower third of the left femuir and strong weight traction, applied for four days, resulted in a satisfactory reduction. This epiphysis was also subsequently fixed by a Smith-Petersen pin. The patient is now free of all symptoms and has no material limitation of mov-cment of either hip-joint.
Reduictiozn by openi operation.-If strong traction fails to reduce the displacement vithin fourteen days, this can be effected by open operation.
Open redluctioni throlugh the epiphysial junction-.This is an attractive operation since it gives almost perfect anatomical correction of the displacement, but it is liable to be followed bv ischxmic changes in about the same proportion cf cases as closed manipulation. It is not a particularly easy operation, is time consuming when followed-as it should be by pinning with the necessary radiographic checking, and should not be lightly undertaken without first-class facilities. The capsule, exposed by the Smith-Petersen approach, is opened. Only the anterior edge of the epiphysis is visible when the limb is fully externally rotated. A gouge, or in manv cases a blunt instrument only, is passed gently between the epiphysis and the neck until the latter moves independently of the former when the limb is rotated. Using the instrument between the bones as a skid and to fix the epiphysis, reduction is effected by an assistant abducting and internally rotating the limb. Reduction is checked by radiographs in 2 planes and, if satisfactorv, the capsule and upper aponeurotic portion of the wound are closed and the guide wire and Smith-Petersen pin introduced from the outer aspect of the trochanter in the usual manner.
Howorth reported 17 cases treated by open reduction. 11 of these were immobilized in plaster for ten to twelve weeks after reduction. The followv-up period was two and a half to seven years with an average of five and a half years. 'l'here were only 2 good restults both of which had a preliminary period of rest in bed with light traction. There were 2 complete failures necessitating arthrodesis in the one case and arthroplasty in the other. The other 6 cases were pinned or screwed after open reduction. Follow-up period averaged two and a half years. 2 were classed as very good, 3 fair and I poor.
Howorth definitely considered immediate internal fixation with early active movement preferable and advised a preliminary period of rest with light traction in all cases in which muscle spasm was present.
I have treated 9 cases by open reduction through the epiphvsial junction. The followup period ranged from two years to seven years with an average of three and a half years. Results: Excellent 1; good 5; bad 3 (33%). The 3 bad results were due to avascular necrosis of the epiphvsis resulting in restriction of movement amounting to fibrous ankylosis and in 1 case accompanied by pain of sulfficient severity to make arthrodesis necessary. limp and a second fall six days later was followed by a marked increase in pain and limping. Radiographs showed a nearly complete slip' of the epiphysis especially backwards. Strong traction failed to affect the backward rotation and open reduction b
year: through the epiphysial juLnctioni and immediate pinning were carried oult on 28.1.44.
The patient was kept in bed for three weeks, and weight-bearing on the affected hip was not allowed for six months. The present condition, nearlv two vears after operation, is excellent, since there is no pain, no material restriction of movement and no shorteninig. Radiographs show a normal position of the femoral head, fusion of the epiphvsial juLnction and no evidence of ischxemic changes. CASE X. I. B. This girl, then aged 13, was admitted to hospital on 9.8.40 with a historv of intermittent l)ain in the left hip and knee for eight months, and a great and sudden increase in pain and disability following a fall two weeks before admission. There was an external rotational deformity of 70 degrees and limitation of movement of the left hip in every direction bv muscle spasm. Radiographs showed a nearlv complete downward and backward displacement of the left upper femoral epiphvsis. After a short period of rest inh bed open reduIction throuIgh the epiphysial junction followed by pin fixation was carried out on 16.8.40. The patienlt wvas allowed up a month later, and walked on cruItches without weight-bearing oni the affected limb for more than six months. On 2.6.43, three vears after the operation, the patient wvas beginining to complain c f pain and radiogr'aphs showed loss of joinit space, deformity of the head and evidence of avascular necrosis. Pain continuied to increase in spite oIf periods of rest in bed with light traction and removal of the pin and finally arthrodesis of the hi1) was perfornmed on 9.2.44 and has reSLulted ini satisfactory fLISion1 inl good functionial p~osition.
The ischaemic changes are probably cauised in these cases also bv damage to the ligamentUM teres due to the leverage 'on the head duirinig reduICtioni, a ccentuiated by the complete temporary separation at the epiphvsial junlCtion nl h leatv ruat the capsule. pIdteoeaietaiat If reductioni by closed m-anipuilationi is to be conisidered unIJUstifiable, th-at by openi mobilizationi of the epiphvsial juLnction mu-LISt be conisideredi even im-ore so, as theI results, even with immediate pinning as opposed to plaster fixation, are bad in too high a proportioni of cases.
If reduction by strong traction fails a-nd if both closed anid olpen manl)Ulation are to be condemned-as I am afraid they shoLuld be xwhat remains?_ Light traction may be continued till the epiphvsis is fused in the lpositioi oif deformlity anld this the'n corrected by wvedge osteotomy of the neck o-f the femuitr, or by subtrocha'nteric osteotomy.
The former may be carried out muich sooner than the latte'r sinice the pin uised to fix the fractured n'eck is made to pass across, the elpiphysial linie inito the ecpiphvsis and ibis p)revents further slipping and hastens fuSionl.
Osteootomy of the neck.-The technique of this method conforms to that just described in all particulars except that no attempt is made to identify and mobilize the epiphysial junction. A wedge of bone with base looking forward or upward according to the predominant deformity, is removed with a fine sharp chisel from the most prominent presenting portion of the neck, the resulting gap closed by abducting andl internally rotating the limb, and a Smith-Petersen pin passed across the fracture line and well into the epiphysis. The cut sections of neck are often of slightly different diameter and do not appose perfectly leaving a slight step, but this does not seem to have anv material effect on subsequent function and is not apparent in later radiographs.
Of the 9 cases treated in this way 5 were immobilized in plaster following operation, an-d 4 were pinnied. The average follow-up period of the 5 plaster cases was eight years and the results are all classified as good. The follow-up period of the pinned cases is shorter ranging from one to three years, with an average of two years. 1 case is classified as excellent, and the other 3 as good. The majoritv of these cases have some shortening, but in no case exceeding I in. Most of them have some limitation of internal rotation and in scme cases of flexion and abduction as well. Restoration of mobility of the affected hip was much speedier and rather more complete in the pinne(d cases than in those immobilized in plaster after operation. operation after wedge oateotomy of a half years after operation. neck and pinning. CASE VI. (D. T.) for some transient pain and stiffness of the left knee after a fall the patient made no complaint of pain whatever. His age was 15 at the time of admission to hospital on 28.4.42. He had then a fixed external rotation deformity of 45 degrees and flexion and abduction were limited but more from mechanical block than from muscle spasm.
Radiographs 'showed slipping of the epiphysis and marked coxa vara deformity of the i-ineck. It seemed obvio'us that nothing could be accomplished here by manipulationor traction and that a wedge osteotomy of the neck woyuld e a better procedure than any attempt at mobilizing the already probably partly fused epiphysial junction. This was carried out on 1.5.42 and a pin inserted across the fracture line and well into the epiphysis. The patient was discharged from hospital six weeks later on crutches but weight-bearing was not allowed for seven months. The result is classed as good since the patient is doing heavy work as a farm labourer without any complaint of pain or disability whatever, but he has some limitation of flexion, and marked limitation of internal rotation and 1 in. shortening. Radiographs show a shortened, widened neck with approximately normal angle and some deformity of the head, which may lead to trouble in later life, but at present no evidence of avascular necrosis or of arthritis. This is a nairly typical end-result of this procedure. The absence of ischemic changes following this operation is probably due to the clean division of the neck allowing correction of deformity without exerting an leverage on the head.
anc
The anatomical correction of deformitv is fairlv good, but by no means perfect, and though the short-term functional results are good, it remains to be seen whether the long-term results are better than those obtained by subtrochanteric osteotomy.
Subtrochanteric osteotGiny.-This operation is much simpler than the others and avoids whatever risk may be associated with arthrotomv of the hip-joint. The division of the bone just below the lesser trochanter is best done bv the ball and socket type of osteotomy rather than by removing a wvedge, since the for^mer method facilitates the correction of external rotation deformity as well as allowing the necessary abduction at the osteotomv level. It is wise to control the mobile upper fragment by the insertion of a Steinmann pin into the greater trochanter before the bone is divided. This pin may be subsequently included in the plaster spica. The abduction at the osteotomv level has the effect of restoring an approximatelv correct angle of the neck when the limb is in the norrmal weight-bearing position and the external rotational deformity is corrected.
Investigation of the results of this operation have been disappointing from lack of information. A nuLmiber of cases operated upon in 1920-30, the earliest of which I have records, are nowv of military age and an examination call-upl or alternative questionnaire has for the most part failed to produce any response. The reasonable assumption that most of these patients are in the Services might in itself indicate that their fuLnctional results are at least fairly satisfactory. Of those I have been able to trace the results are rather mixed. One man fifteen years after operation was working as a gardener and had not been off work because of his hip for ten vears, but he complained of some aching in the hip and knee and radiographs showed osteo-arthritic changes. Another man fourteen years after operation was standing long hours in a bakery and only complained of slight pain at changes of weather: ra(liographs showved deformitv but no evidence of arthritis.
In contrast to this good resuLlt a third patient three years only after operation had a (lecreasing range of movement in every direction and evidence of gross arthritic changes in the radiographs. He wvas not so far complaining of pain. Two other patients eight years from operation both complained of -some pain on walking and stiffness after sitting. Radiographs showved deformity but no dlefinite arthritic changes.
I think it wvould probably be fair to say of subtrochanteric osteotomv that it gives a satisfactory functional result in most cases and delays, if it does no't prevent, the onset of mechanical osteo-arthritis bv improving the weight-bearing alignment A certain number of cases in 1920-310 were treated by a short period of traction in 1)hd followecl by the wvearing of a caliper splint for a vear or longer-or by a caliper only.
I have only been able to trace a few of these cases and again the results are rather mixed. The longest follow-up wvas twenty-three years from the time of discardling the caliper. This man was in the countv police ancd had no, complaint of pain or stiffness for the past six or seven vears. He had 10 (legrees of fixed external irotation and no internal rotation movement therefore, but other movements were free and there was I in. of shortening. Radiographs showed deformitv bLIt no arthritic changes. By contrast another man, sixteen vears after discarding the caliper, complained of pain in the left knee and hip which limited activitv. He had fixed external rotation deformity of 45 degrees and considerable limitation of all other movements of the hip. Radiographs showed deformity, loss of joint space and arthritic changes. Another man sixteen years after treatment was working as a market gardener and on his feet all dlav long without complaint. Abduction and internal rotation were limited and there was 1 in. of shortening. Radiographs showed mtich deformity but no definite arthritic changes.
A fourth man, also sixteen vears after cessationi of treatment, was a concrete wvorker and cotnplained of pain in the hip only when he workedl extra hard, and of stiffness after sitting for long. No recent radiograph of this case was obtainable.
These results, cls far as they go, sho(w that hips treated conservatively without operation can functionsatisfactorily for as long as ap)proximately two dccades, and that uincorrected deformitv mav exist for many vears without radiographic evidence of arthritic chaniges. It is an indication that there mLust not be too much striving after anatomical perfection if it involve<s any risk of seriouis early imnairment of ftunction.
SUMMARY
The ideal, at which w e shouIld all aim, is earlv diagn-osis of slipping of the uloperfemoral epiphvsis before there is suifficient deformity to need correction. A slight backward rotation can be accepte(d as it will not nmaterially affect suibsequent ftunctioni.
In treating these early cases the use of the Smith-Petersen pin does seem to be an advance on older methods since it shortens hospitalization, simplifies after-care and accelerates the curative factor of epiphysial fusion without causing material shortening of the limb). The functional results have been uniformly excellent.
When the epiphysial displacement has passed beyond acceptable limits, correction is desirable to prevent the coxa vara deformitv which is liable to lead to the development of mechanical osteo-arthritis in later life. The better the anatomical correction, the better should be the prospect of prevention of arthritis, but if the chosen method causes ischaemic changes leading to severe restriction of hip movement the price must be considered too high. It is better to accept some uncorrected deformity, modified perhaps by the relatively simple operation of subtrochanteric osteotomy, which may result in a mobile and comparatively painless hip for two or three decades before arthritis develops, if it does at all, than to obtain a perfect anatomical correction but a stiff hip-joint within five years of manipulative reduction.
It seems clear from the results I have given, both English and American, that correction of epiphysial displacement by closed and still more by open manipulation at the epiphysial junction does entail a definite risk of causing avascular necrosis of the femoral head, and though the anatomical correction is almost p)erfect and manv of the short-term functional results are good, I think that both these methods should be condemned.
Reduction by strong traction is safe if not maintained too long but, unless applied earlv, is not always effective in reducing displacement especiallv the backward rotation. If successful it should be followed by immediate pinning. If it fails and the deformitv is considered severe enough to need correction this may be effected bv wedge osteotomv of the neck of the femur and pinning, or at a later date, after fusion of the epiphvsi;s has occurred, by subtrochanteric osteotomy. The comparatively short-term results of the former operation in my small series have been functionallv good and no case has shown evidence of avascular necrosis of the femoral head. The anatomical correction is rather better than that obtained by subtrochanteric osteotomv. To justify the operation, however., it will have to be shown that the long-term results, especially as regards prevention of mechanical osteo-arthritis, are definitely better than those resulting from the simpler extra-articular operation.
